Objectives: To investigate the relationship of executive functions (EF) and theory of mind (ToM) in multiple sclerosis (MS), clarifing whether ToM impairment in MS is related to EF dysfunction or whether they represent dissociable processes which can be independently impaired in MS. Methods: We enrolled 60 consecutive MS patients and 60 healthy controls (HC) matched on age, gender, and education level. All participants underwent ToM testing using the Eyes Test and the Videos Test and neuropsychological testing tapping different EF subdomains. A correlation analysis and a hierarchical cluster analysis were used to determine the similarity between explained variance between EF measures and ToM tests. Results: MS patients had lower scores on both tasks of ToM compared to HC, i.e., Eyes Test (21.1 ± 5.0 vs. 29.5 ± 3.8, p < .001; Cohen's d: 1.9) and Videos Test (19.6 ± 2.4 vs. 22.9 ± 1.8, p < .001; Cohen's d: 1.6). They also performed significantly worse on different measures of EF. ToM performance was not significantly correlated with EF tests. The hierarchical cluster analysis showed that ToM measures in MS were clustered separately from the EF measures, revealing three executive clusters (Attention/working memory cluster; Inhibitory control/shifting ability cluster; Verbal Initiative/Abstract reasoning cluster) and one ToM cluster. Conclusion: This study suggests a dissociation of EF and ToM in MS, meaning that the MS-related neurobehavioral symptoms may be associated with a significant impairment in ToM independent of the level of EF performance. Ultimately, this discrimination of ToM deficits in MS may help to identify the appropriate cognitive and behavioral interventions.
Introduction
Changes in social conduct and personality have been recognized for more than a century as frequent neurobehavioral symptoms of multiple sclerosis (MS) (Charcot, 1877) . However, this cluster of symptoms originally called "euphoria sclerotic" has received little attention afterwards despite their negative effect on social life, including friendship, family roles and doctor-patient communication (Fishman, Benedict, Bakshi, Priore, & Weinstock-Guttman, 2004) . Hence, the origin of social behavior disturbance in MS remains poorly understood.
Executive functions (EF) and theory of mind (ToM) are essential cognitive processes for adaptive social behavior but the nature of their relationship is still debated. Previous studies in patients with neurological pathology have yielded variable results, either supporting a complete dissociation or a dependency between EF and ToM (Aboulafia-Brakha, Christe, Martory, & Annoni, 2011) .
Traditionally, neurobehavioral symptoms in neurological diseases were considered to be a part of a cognitive dysexecutive syndrome. However, numerous clinical reports have accumulated over the past years which indicate that patients with florid behavioral symptoms may perform within the normal range on classic tests of executive functions (Lough, Gregory, & Hodges, 2001 ). On the other hand, there is growing evidence that ToM impairment is associated with social behavior maladjustment in patients with neurological pathology, including frontotemporal dementia (Bertoux, O'Callaghan, Dubois, & Hornberger, 2016; Bora, Walterfang, & Velakoulis, 2015) , Huntington's disease (Brune, Blank, Witthaus, & Saft, 2011) , and Parkinson's disease (Bodden, Dodel, & Kalbe, 2010) .
In MS, cognitive impairment typically consists of domain-specific deficits rather than global cognitive decline, with EF being recognized as one of the core cognitive domains involved (Foong et al., 1997) . Likewise, recent studies revealed that ToM is impaired in patients with MS since the early stages of the disease (Banati et al., 2010; Cotter et al., 2016; Henry et al., 2009 Henry et al., , 2011 Kraemer et al., 2013; Pottgen, Dziobek, Reh, Heesen, & Gold, 2013; Roca et al., 2014) . Partially different results have been reported by Ouellet and colleagues (2010) who found that only MS patients with mild to moderate cognitive deficits had deficits on cognitive ToM, whereas MS patients without cognitive impairment did not differ from healthy controls. More recently, a thorough investigation of cognitive and affective ToM abilities in MS patients was performed by Raimo and colleagues (2017) who reported that both components were affected in MS patients, in verbal and nonverbal modalities.
However, the relationship between EF and ToM in MS remains to be understood as previous studies reported contradictory results. While some authors observed an association between ToM and EF impairment (Bora et al., 2015; Henry et al., 2009; Kraemer et al., 2013; Raimo et al., 2017) , others did not (Henry et al., 2011; Ouellet et al., 2010; Roca et al., 2014) .
In the study of Henry and colleagues (2009) , ToM was assessed using a non-verbal ToM test (Reading the Mind in the Eyes test) and EF with a measure of verbal abstraction from the Screening Examination for Cognitive Impairment. They reported that MS patients were significantly impaired on ToM compared to a demographic-matched healthy group, and that this impairment was associated with deficits in executive control. The main limitations of this study were the reduced sample sized and the heterogeneity of the patient cohort. Ouellet and colleagues (2010) examined ToM and cognitive abilities, including EF, of patients with definite diagnosis of MS but also with probable diagnosis of MS, increasing the heterogeneity of the sample. They subdivided the MS group into a cognitively impaired group and cognitively intact group. MS patients with cognitive impairments were found to have more difficulties attributing mental states to others, whereas there were no differences between cognitively intact MS patients and normal controls on the two ToM measures which were the short stories and video clip. There was no association of ToM with EF which was assessed with a large battery including the Trails-Making Test, the Oral Word Association Test, the Zoo Map Test, the Mazes subtest of the WISC-III, and the Stroop Test. Other study (Roca et al., 2014) analyzed the cognitive and affective aspects of ToM individually in patients with mild relapsing-remitting MS and found that they showed deficits in cognitive ToM, but their affective ToM seemed to be spared. Although some executive tests correlated with the patients' ability to detect a social faux pas, none correlated specifically with their ability to infer other people's intentions. More recently, Raimo and colleagues (2017) found different results and reported that both affective and cognitive aspects of ToM were impaired in MS patients and significantly related to EF. However, EF were only assessed by the Word List Generation test and Stroop color-word interference test.
Overall, the main limitation of the aforementioned studies was the use of a statistical approach based on binomial correlation analyses or analysis of variance (ANOVA), which do not test directly the dependency of variables with each other. Cluster analysis is a technique that allows to investigate the relationship between cognitive measures more accurately, by determining the similarity of variance (Bertoux et al., 2016; Everitt, Landau, Leese, & Stahl, 2011) .
In the present study, using a hierarchical cluster analysis, we aimed to investigate whether ToM impairment in MS is related to EF dysfunction or whether they can occur independently.
Methods

Participants
We enrolled 60 consecutive patients with MS regularly followed in our department and 60 healthy volunteers recruited from the community who served as healthy controls (HC), matched on age, gender, and educational level (Table 1 ). All participants provided written informed consent to participate in the study, which was approved by the ethics committee of Faculty of Medicine of Coimbra's University (CE-027/2011).
Patient's inclusion criteria for the present study were: age between 18 and 55 years old, definite diagnosis of MS according to the 2010 McDonald criteria (Polman et al., 2011) , and relapsing-remitting (RR) or secondary-progressive (SP) subtypes.
Exclusion criteria for all participants were history of neurological (other than MS in patient group) or systemic disease; history of psychiatric illness, with the exception of stable mild to moderate depressive symptoms; history of head injury resulting in loss of consciousness; a severe visual, auditory or language impairment that would negatively affect their ability to satisfactorily complete tests or understand test instructions (the exclusion of a deficit of oral comprehension was done by the neuropsychologist and by the neurologist based on the clinical interview, the neurological exam and the overall comprehension of the neuropsychological test instructions); current or prior use of antipsychotic medication; alcohol, drug or substance abuse; starting or stopping antidepressants in the previous 2 months; and, for MS patients, a relapse or steroid treatment within 8 weeks preceding evaluation.
Clinical Assessment
A full medical history and detailed neurologic examination were obtained for all patients. The following clinical and demographic data were collected: age, sex, handedness, years of education, disease duration, current disease-modifying treatment. Physical disability was evaluated using the detailed Kurtzke Expanded Disability Status Scale (EDSS) (Kurtzke, 1983) . The Global MS severity score (MSSS) was used as a measure of disease severity. Individual MSSS were calculated using the MSSS test program (Roxburgh et al., 2005) . This algorithm adjusts disability as measured by the EDSS for disease duration. Disease duration was measured as the number of years between the year of onset of first symptom and year of examination.
For HC, medical history was obtained by an interview preceding assessment.
Theory of Mind testing
The same investigator (SB) was responsible for testing the subjects on the ToM battery. She was blind as to the performance in neuropsychological testing. These tests were administered in a fixed order and included:
(1) Revised "Reading the Mind in the Eyes" test
The Revised "Reading the Mind in the Eyes" test (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001 ) (referred to as "Eyes test") consists of 36 black-and-white photographs of the eye region. These are surrounded by four words, one target and three foils, describing complex mental states such as friendly, irritated, worried, and sarcastic. A handout with definitions for all the target and foil words in the photographs was prepared for participants' use before and during the task. Participants were asked to select which word best described the thoughts or feelings of the person in the photograph. The response options were presented on the screen throughout the test in order to minimize the working memory load.
Correct answers were rated 1, incorrect answers were rated 0. The total raw score ranges from 0 to 36 with higher scores indicating better performance.
(2) ToM Videos test This task is designed to mirror the real demands of live social situations. The test consisted of 26 silent color video clips adapted from Sullivan and Ruffman (2004) showing characters interacting. Participants were instructed in advance to choose the word that best described the thoughts or feelings of the person in the video. The clips were 2-7 s long. Two choice words were presented on the bottom right and left side of the screen, for 3 s before the Note: MS = patients with MS; HC = healthy controls; EDSS = Expanded Disability Status Scale; IQR = Interquartil range; MSSS = Multiple Sclerosis Severity Scale.
clip appeared on the screen. These words remained on the screen as the clip played to reduce working memory load. For example, in one video clip there was a young woman speaking with a man. Taking into account her body posture and facial expression the participant's task was to decide whether she was "flirtatious" or "sad". Correct answers were rated 1, incorrect answers were rated 0. The total raw score ranges from 0 to 26 with higher scores indicating better performance.
Neuropsychological Testing-Executive Functions Measures
Neuropsychological (NP) testing was performed by a neuropsychologist (AA) blinded to the performance in ToM tests. The same battery was administered to all subjects in a fixed order. For the purpose of the current study, it was comprised of tests tapping different EF processes: Controlled Oral Word Association Test (COWAT) (Benton, Sivan, Hamsher, Varney, & Spreen, 1994 ) is a verbal fluency test used to measure cognitive flexibility; the Wisconsin Card Sorting Test (WCST) (Heaton, 1981) , was used to evaluate mental set shifting ability; the Stroop Test (Golden & Freswater, 2002 ) was used to assess inhibitory control; Trail Making Test (TMT) A and B (Herbert, 2006) to evaluate attention and reactive cognitive flexibility; Interpretation of Proverbs (Garcia, 1984 ) and Raven's Advanced Progressive Matrices (RAPM) (Moll et al., 2007) to assess verbal and non-verbal abstract reasoning, respectively.
(1) The Controlled Oral Word Association Test: COWAT is a verbal fluency test that measures spontaneous production of words belonging to the same category or beginning with some designated letter. In this study we used three trials of letter/phonemic fluency and one trial of category/semantic fluency. The letter fluency stimuli was "F-A-S" and the category cue was "animals". Participants were instructed to say as many words as they can in one minute for each trial. The total number of correct words produced in the three trials of letter fluency and in the category fluency trial were retained both as variables for analysis. (2) The Wisconsin Card Sorting Test: The WCST was administered in accordance with the test manual (Heaton, 1981) .
Each of the 128 cards displays a varying number of symbols in colors of red, yellow, blue, or green. The participant was asked to match each new card to one of four target cards. After each response, the examiner signaled whether the participant was correct or incorrect. After 10 consecutive correct sorts, the concept for sorting (i.e., color, form, and number) changed. Number of categories achieved and perseverative responses were retained for analyses. A category was achieved when 10 consecutive sorts were made according to the correct sorting principle. Perseverative responses were defined as responses that matched a previous category. (3) The Stroop Test : The Stroop test version used in this study consisted of a page with written color names different from the color ink they are printed in Golden and Freswater (2002) . In the first trial (Stroop-Color), the participant was instructed to read the written words. In the second trial (Color-Word), the participant named the ink colors instead. In both trials, participants were instructed to go down each sheet reading words or naming the ink colors as quickly as possible. The score used was the time that it took to complete each of the trials. (4) The Trail Making Test: The TMT is composed of two parts: TMT-A and TMT-B (Herbert, 2006) . In TMT-A, the participant was asked to connect numbers placed randomly on a page in a consecutive order. In TMT-B, the participant was asked to connect consecutive numbers and letters in an alternating sequence. Participants were instructed to work as quickly and accurately as possible without lifting the pencil; if an error is made, it is pointed out by the examiner for correction. The total time required to complete each part is measured and used for analysis. (5) Interpretation of proverbs: This test consists on the interpretation of three Portuguese proverbs, containing, each one, two abstract concepts (Garcia, 1984) . The maximum score for each proverb (3) is considered when there is a clear abstract interpretation of the two key concepts; the score 2 is attributed when only one of the concepts is explained; the score 1 when there is a pragmatic interpretation of all the proverb (without any abstract reasoning) and the score 0 is considered when the patient simply repeats the proverb or does not answer. The total score, ranging from 3 (poor performance) to 9 (completely correct interpretation), was used for analysis. (6) The Raven's Advanced Progressive Matrices: We administered only the set I from the RAPM (Moll et al., 2007) , as a relatively brief evaluation of nonverbal abstract reasoning, to reduce the length of the testing session and therefore to minimize fatigue in MS patients. The test includes 12 matrices of different geometrical patterns, with the bottom right cell missing. Participants were asked to select the correct pattern that completes the matrix from a set of six alternatives displayed below the matrix. The score used corresponds to the number of correct responses. The minimum score is zero and the maximum score is 12.
Depression and Fatigue Measures
Depression and fatigue were evaluated as potential covariables of cognitive performance. The Beck Depression Inventory (BDI) (Vaz Serra & Pio Abreu, 1973a , 1973b ) and the Modified Fatigue Impact Scale (MFIS) (Fisk, Pontefract, Ritvo, Archibald, & Murray, 1994; Gomes, 2011) , were used to measure depression and fatigue respectively. Results for BDI range from 0 to 63 and the MFIS ranges from 0 to 84, with higher scores indicating more depression and fatigue, respectively.
Statistical Analysis
Group comparisons were performed using the t test for unpaired samples, the nonparametric Mann-Whitney test, and a Chi-Square Test, when appropriate. A One-way MANCOVA was conducted to evaluate the differences between MS patients and HC on the performance of ToM tasks and EF tests controlling for depression and fatigue.
Correlations between ToM tests and EF tests were examined using Pearson's coefficients or Spearman's rank order coefficient when appropriate.
These tests were performed two-tailed and statistical threshold was set at p < .05 corrected through false discovery rate (FDR) for multiple testing.
To determine the relation between EF and ToM measures, a hierarchical cluster analysis (Ward's method) was performed. During the analysis, each variable was defined as an individual cluster and was standardized (z-scores). Clusters were then sequentially merged according to their similarity, or distance (squared Euclidean distance) in a geometric space where the number of variables set the number of dimensions. A dendrogram was computed to represent the relationships of similarity among the group of variables.
Analyses were conducted using SPSS for Windows version 20.0 (SPSS Inc., Chicago, IL).
Results
Sample Characteristics
As a result of the matching procedure, MS patients and HC did not differ significantly in age, sex, or education level (Table 1) . Similarly, handedness was not significantly different across the two groups and all participants were Caucasian. Regarding the MS population (Table 1) , the disease course was relapsing-remitting (RR) in 50 patients (83.3%) and secondary progressive (SP) in 10 patients (16.7%). The mean disease duration was 10.6 ± 6.6 years, the median EDSS score was 2.0 (IQR 1.5) and the median MSSS score was 2.8 (IQR 3.1). All patients were under treatment with disease-modifying drugs.
Theory of Mind Testing and Neuropsychological Results in Patients with MS and HC
Patients with MS had significantly lower scores on both tasks of ToM compared to HC, i.e., Eyes Test (21.1 ± 5.0 vs. 29.5 ± 3.8, p < .001 FDR-corrected; Cohen's d: 1.9) and Videos Test (19.6 ± 2.4 vs. 22.9 ± 1.8, p < .001 FDR-corrected; Cohen's d: 1.6). They also performed significantly worse on EF tests, except for proverbs interpretation test and number of categories on WCST, and presented higher scores on BDI and MFIS (Table 2) .
After controlling for the effect of depression and fatigue using a one-way MANCOVA analysis, the difference between MS patients and HC on ToM and EF performance was still significant (Pillai's Trace = 0.552, F (12,103) = 10.6, p < .001). The univariate F tests showed there was a significant difference between MS patients and HC for the Eyes test, F(1,116) = 88.6, p < .001 FDR-corrected; and the Videos test, F(1,116) = 50.9, p < .001 FDR-corrected. Regarding the EF tests, only the COWAT-FAS F(1,116) = 12.7, p = .004 FDR-corrected, the TMT-B (1,116) = 8.8, p = .012 FDR-corrected, and the Stroop Color F(1,116) = 8.1, p = .012 FDR-corrected, remained significant.
Association of Executive Functions and Theory of Mind with clinical variables
Performance of MS patients on ToM tests was not correlated with age, years of education, disease duration, EDSS, or MSSS (p > .05 FDR corrected) (Table 3) .
In order to analyze the effect of depression on ToM performance, we divided the MS sample on two groups: those patients scoring above the cut-off for depression on BDI ("depressed patients" = 18, 30%) and those scoring below the cut-off for depression on BDI ("non-depressed patients" = 42, 70%). We found that ToM performance was not significantly different when comparing "depressed patients" with "non-depressed patients": Eyes Test 21.6 ± 5.9 versus 20.9 ± 4.5, p = .617; Data are given as mean raw scores ± SD. On the other hand, some EF tests were significantly correlated with age, years of education, EDSS, MSS, and MFIS (Table 3) .
Relationship of Executive Functions and Theory of Mind in MS patients
Correlations between ToM and EF measures in MS group, after controlling for the effect of age, years of education and fatigue, are presented in Table 4 . The EF measures are significantly intercorrelated whereas the correlations of ToM tests with EF tests are not significant.
In order to investigate more accurately the relationship between executive functions and ToM in MS patients, measuring specifically the similarity of variance, we performed a hierarchical cluster analysis.
The hierarchy resulting from clustering the data is shown in Fig. 1 . Four clusters were recognized by the analysis, three of these were executive clusters and one was a pure ToM cluster: (1) Attention/working memory cluster, composed by TMT-A and Stroop C; (2) Inhibitory control/shifting ability cluster, including TMT-B, Stroop CW and WCST-perseverative responses; (3) ToM cluster, including Eyes Test and Videos Test; and (4) Verbal Initiative/Abstract reasoning cluster, composed by COWAT-FAS, COWAT-animals and RAPM.
Discussion
The relationship between ToM and EF has been increasingly studied in different populations, such as healthy children and adults, as well as patients with different psychiatric and neurological pathologies. In MS, this subject is particularly relevant because it is associated with neurobehavioral symptoms whose origins are still not clearly understood (Fishman et al., 2004) . As EF and ToM are both essential for a healthy social behavior (Bertoux et al., 2016) , it would be important to understand if social behavior problems associated with ToM impairment in MS patients may occur independently of the level of EF performance. Ultimately, this conceptual definition will allow to distinguish MS patients with social behavioral problems related to ToM impairment from those related to EF and consequently help planning individualized treatment with appropriate cognitive and behavioral interventions.
The results of this study showed that ToM measures were clustered separately from EF measures, arguing in favor of the independence between ToM and EF. Previous studies investigated this relationship in MS and the results were contradictory. While some studies (Henry et al., 2011; Ouellet et al., 2010; Roca et al., 2014) reported that ToM performance was not significantly correlated with EF, others (Banati et al., 2010; Henry et al., 2009; Kraemer et al., 2013; Raimo et al., 2017) found that deficits in ToM tasks were mostly correlated with EF deficits. In order to overcome this methodological limitation we used cluster analysis, a technique that allows investigating more directly the relationship between cognitive measures. Moreover, we used a large battery of EF tests covering its different subdomains.
The independence between ToM and EF was originally suggested by Baron-Cohen et al. in one of the earliest studies of ToM in humans (Baron-Cohen, Leslie, & Frith, 1985) . They observed that children with Down's syndrome presented a good performance on ToM tasks despite the impairment on global intellectual functions, while in children with autism the performance on ToM tests was disproportionately impaired compared with global intellectual and EF. Later, the dissociation of EF and ToM was reported in single case studies with neurological pathology. Particularly, Fine, Lumsden, and Blair (2001) described a patient with intact EF and impaired ToM who had a congenital lesion in the amygdala, and Lough and colleagues (2001) reported the case of a patient with a diagnosis of frontotemporal dementia and severe behavior disturbance presenting a relatively intact EF assessment but a poor performance on ToM tasks. More recently, Bertoux et al. replicated the dissociation between the two functions in a large sample of patients with behavioral variant frontotemporal dementia using a cluster analysis (Bertoux et al., 2016) . In contrast, other studies results supported the hypothesis that ToM and EF are significantly related (Aboulafia-Brakha et al., 2011; Gregory et al., 2002; Snowden et al., 2003) , which led some authors to consider ToM impairment as part of a cognitive dysexecutive syndrome.
From a neurodevelopmental perspective, even though ToM and EF jointly develop during infancy, there is evidence of modularity in ToM. It is culturally invariant in its development with little individual variation and narrow fame times, independently of other cognitive domains (Happe, 1995) .
At a neural level, even though some of the neurocircuitry are probably shared by EF and ToM, like those associated with domain-general attention, the dissociation of these functions may be explained by additional recruitment of different functional networks (Aboulafia-Brakha et al., 2011) . The neural nodes of ToM network includes orbitobasal and ventromedial prefrontal cortices, temporo-parietal junction, fusiform face area, cingulate cortex, and amygdala as the main hub (Bickart, Dickerson, & Barrett, 2014) , while EF rely on a diffuse cortical and subcortical network anchored on the dorsolateral prefrontal cortex (Leh, Petrides, & Strafella, 2010) .
Even though our findings support the theory that ToM is a distinct module, independent of EF, this should be put in perspective because other cognitive functions such as semantic (e.g., social rules or conventions) or episodic memory (e.g., previous similar experience) could also have an effect on ToM processing (Bertoux et al., 2016) . Moreover, given the multifaceted nature of ToM and EF, the dissociation of these domains needs to be considered cautiously, because not all the executive domains or ToM subdimensions were assessed. In this regard, it would be particularly relevant to discriminate between cognitive ToM and affective ToM, because tasks tapping these different components may load on different cognitive abilities. This is a reasonable hypothesis taking into account that cognitive and affective aspects of ToM seem to be subserved by dissociable brain networks (Abu-Akel & Shamay-Tsoory, 2011). The cognitive ToM network primarily engages the dorsomedial prefrontal cortex, the dorsal anterior cingulate cortex and the dorsal striatum, whereas the affective ToM network primarily engages the ventromedial and orbitofrontal cortices, the ventral anterior cingulate cortex, the amygdala and the ventral striatum (Abu-Akel & Shamay-Tsoory, 2011). Therefore, it would be important to further explore the relationship between EF and ToM using additional tests which allow to assess separately the cognitive and affective dimensions of ToM because they may have a different relationship with EF.
Regarding EF, we identified three separable clusters in our analysis that are in line with the current perspective of its nonunitary nature (Collette et al., 2005; Miyake et al., 2000) : Attention/working memory cluster that corresponds to the ability of monitoring and coding information; Inhibitory control/Shifting ability cluster that requires holding back preponderant or automatic responses when necessary and the aptitude to engage and disengage attention from different tasks sets and rules; Verbal Initiative/Abstract reasoning that globally measures whether and how well subjects organize their thinking, with verbal initiative depending on the ability to organize output in terms of clusters of meaningfully related words (Estes, 1974) , and abstract reasoning involving the ability to think in useful generalizations, identifying and forming concepts (i.e. generating cognitive schemas to organize information) (Solomon, Buaminger, & Rogers, 2011) .
Consistent with earlier studies, we found that our patients had executive deficits particularly on measures of attention and cognitive flexibility (TMT-B); verbal fluency (COWAT-FAS) and inhibitory control (Stroop Test), with relatively preservation of planning and abstract reasoning (Chiaravalloti & DeLuca, 2008; Foong et al., 1997) .
There are some limitations of this study to be considered. First, this cohort of patients with MS was clinically heterogeneous because it includes both RR and SP forms. Even though it increases the ability to generalize the results to the target population, it also enhances the variation of extraneous variables that might influence the results. Therefore these results should be replicated using a homogeneous cohort of MS patients. Secondly, we used only two non-verbal tests to assess ToM although it involves multiple sub-processes. Therefore, it would be important to further explore the relationship between EF and ToM using additional verbal and non-verbal tasks of ToM. Likewise, it is not possible to clearly distinguish which component of ToM was evaluated by Eyes Test or by Videos Test because both tasks included questions addressing feelings and emotions (affective ToM) and other questions addressing thoughts and mental states (cognitive ToM). Therefore, future studies should use tests which allow to assess separately the cognitive and affective dimensions of ToM because they may have a different relationship with EF.
In conclusion, this study suggests a dissociation of EF and ToM in MS, meaning that ToM impairment may occur independently of the level of EF performance, and thus contribute to relevant everyday problems in interpersonal relationships of MS patients. Clinicians need to be aware that patients in this situation may be able to compensate in their everyday executive functions but may suffer the social consequences of impaired social cognition. Ultimately, this thorough discrimination of ToM deficits in MS may help the guidance of appropriate cognitive and behavioral interventions.
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